This paper analyzes the dynamic effects of unexpected domestic and foreign monetary policy shocks on 'industrial output' in New Zealand based on a 'new open economy macroeconomic' (NOEM) model. Empirical analyses are performed using unrestricted recursive open economy Vector Autoregressive (VAR) models involving policy and nonpolicy variables of New Zealand and four of its most important trading partners, i.e. Australia, Japan, United Kingdom and USA. The empirical findings are in accord with the qualitative predictions of monetary transmission channels relevant to a small open economy and no empirical anomalies are observed regarding the NZ output behaviour following a domestic restrictive monetary policy shock. Besides, the empirical findings also indicate that the full effects of a restrictive domestic monetary policy shock on industrial output in New Zealand are faster when Australian and US variables are included in the VAR model of monetary transmission compared to the cases when Japanese and UK variables are incorporated into the same model. On the other hand, domestic industrial output shows contraction due to a restrictive foreign monetary policy shock; reflecting the small open economy feature of New Zealand.
Introduction
Since the inception of an explicit inflation targeting monetary policy in 1989 the Reserve Bank of New Zealand (RBNZ) has been quite successful in maintaining a low and stable inflation rate although some argue that the cost of achieving this target is considerably high in terms of forgone economic growth and employment. However, according to the best international practice, an inflation targeting central bank under flexible exchange rate system should concentrate on reducing the variability of output, price level and exchange rate instead of attempting to boost growth and employment.
Further, policy analyses generally concentrate less on the effects of monetary policy action on the real output than on its impacts on the CPI. The low exchange rate pass through due to pricing-to-market activities of international profit maximizing firms under imperfect competition could explain this bias in policy analyses. This paper analyzes the dynamic Favero (2001) and Cushman and Zha (1997) studies, the benchmark open economy VAR model is constructed based on the 'Wold' causal ordering that places the monetary policy variable on the assumption that RBNZ contemporaneously responds to fluctuations in domestic output while the latter responds only with a lag. The relevant variables are quarterly data, making it plausible to assume that RBNZ can observe output fluctuations at least within a quarter and implement appropriate monetary policy action. The impulse response functions are employed to simulate dynamic responses of non-policy variables that are exclusively due to monetary policy shocks. Similar to Sims (1986) , one standard deviation positive innovation to New Zealand bank discount rate represents a domestic monetary contraction and the 'Choleski decomposition method' is used to identify the monetary policy shock.
Unexpected monetary policy actions transmit their effects on domestic macroeconomic variables through different channels known as the monetary transmission mechanism (MTM).
Majority of the literature adopt ad-hoc empirical models to analyze the transmission mechanism of monetary policy without referring to the underlying macroeconomic models.
Consequently, a considerable number of studies have failed to incorporate relevant policy and non-policy variables into the empirical models of monetary transmission, eventually resulting in empirical anomalies that are also known as 'puzzles' in the literature. The empirical analysis of this paper is based on a hybrid new open economy intertemporal general equilibrium model that allows pricing to market activities of imperfectly competitive profit maximizing firms integrating both 'producer currency pricing' (PCP) and 'local currency pricing' (LCP) strategies. The model is expected to generate more accurate policy implications than traditional Keynesian aggregative models. The NOEM models can be calibrated that involves matching unconditional moments (variances) generated by the model with the unconditional moments observed in the data. However, the calibration method cannot isolate the impacts on domestic real variables that are exclusively due to monetary policy shocks which represent a fraction of the overall economic fluctuations and as a result, this method is not quite accommodating for obtaining an overall empirical evaluation of the NOEM models (Lane Phillip, 2001 ). On the other hand, VAR models are considered the natural empirical counterparts of open economy general equilibrium models and all the variables are treated with equal importance.
Channels of Monetary Transmission Mechanism and the Real Activity
The 'interest rate channel' is viewed as the most noticeable channel of the monetary transmission mechanism (MTM) that conspicuously explains how changes in nominal interest rate affect the real economic activity. MTM in open economies operates through 'exchange rate channel' (Svensson, 1997) in addition to other conventional channels. This direct channel of monetary transmission takes shorter time lag to transmit the impacts of monetary policy innovations to domestic output and price level. The RBNZ increases bank discount rate if it considers that current national output is significantly above its long run
trend. An increase in New Zealand bank discount rate increases the market nominal interest rate that also translates into an increase in real interest rate given the short run price rigidity.
As a result, cost of capital goes up and results in a decline in interest sensitive consumption and investment expenditure and consequently domestic output falls. On the other hand, an increase in NZ bank discount rate and nominal and real market interest rates also increase the demand for NZ dollar denominated bank deposits and causes an appreciation of nominal and real effective exchange rates. Consequently, the net export demand for domestic goods and services decline in New Zealand and eventually exerts a downward pressure on real activities and domestic industrial output. Finally, a restrictive domestic monetary policy stance increases the bank discount rate and causes a decline in the market interest rates. A decline in the prices of various domestic and financial assets follows in accordance with the inverse relationship between financial asset prices and the interest rates. This brings down domestic consumption expenditure through negative wealth effect and investment expenditure through 'Tobin's q effect'. As a result, the real activity and industrial output in New Zealand may also decline.
Theoretical Model
This section describes the NOEM model parallel to Obstfeld & Rogoff (1995) and Betts & Devereux (2000) studies. The model assumes there are two countries; home and foreign, which are inhabited by optimizing households maximizing a utility function by intertemporally allocating the total income received from wages, profit, asset ownerships and government transfers among the available consumables. The home country is populated by a continuum of households (consumer-producers) continuously distributed within the range of '0' to 'n', while the foreign country households are distributed within the range of 'n' to '1'.
Both home and foreign households consume differentiated goods produced by profit maximizing firms under imperfect competition. The firms show asymmetric price setting behaviour. A certain proportion of home firms practice LCP-PTM (local currency pricing to market) strategy, whereas the rest of them follow PCP (producer's currency pricing) strategy.
Further, it is assumed there are three sectors both at home and foreign, namely households, firms and government. The government in each country is assumed to execute monetary and fiscal policies. It raises funds through seigniorage (revenues earned from currency creation) and taxes imposed on the individual citizens that are redistributed to them in terms of transfers. The model is as follows:
Utility function:
(1) h t U stands for the current utility level of the home country representative household, whereas superscript 'h' stands for household and subscript 't' expresses current period. ( )
Equation (4) also represents the general price index ( t P ) at home where ( ) t p j shows the current price of commodity j. Equation (4) can be modified to include the home currency and foreign currency prices of goods produced by home and foreign firms:
Similarly, equation (6) and e t = domestic currency price of the foreign currency.
The home country representative household has the following demand function embedded into the real consumption index:
The term ( ) j v denotes the home currency price of good j, which may be produced by either a home or foreign LCP-PTM or PCP firm. On the other hand, home currency profit function of a representative home firm following PCP and LCP-PTM strategies respectively can be expressed as follows.
( )
The first term of equation (8) denotes total revenue while the second term indicates the labour cost of a home PCP firm. Equation (9) describes the profit function of a home LCP-PTM firm that earns total revenue from home and foreign markets where h t x and h t z denote the output levels exclusively produced for the home and foreign markets respectively. Given the consumer demand function in equation (7) and assuming price flexibility the profit maximizing price of both the home PCP as well as LCP-PTM firm can be expressed as follows:
Equation (10) shows that the representative price discriminating monopolistic home PCP or LCP-PTM firm sets its home currency product price (equal to its marginal revenue) as a mark-up of its marginal cost (equal to the wage rate), where the mark-up being equal to the
. Price flexibility implies that the firms in both home and foreign countries can adjust their prices immediately in response to an exogenous shock. As a result, the Law of One Price prevails when prices are assumed to be flexible and goods prices will be the same across countries when the prices are translated in the same (home currency in this case) currency.
First Order Conditions
The first order conditions derived from the constrained lifetime utility maximization subject to the intertemporal budget constraint on behalf of the home country household yields the following equations signifying the optimal levels of household consumption, labour supply, money, and bond holdings: 
In this scenario, the dynamic behaviour of home price level, output and exchange rate due to unexpected home and foreign monetary policy shocks can be derived using dynamic models involving the short and long run equilibrium conditions. The short run is denoted by the current period 't' where both home and foreign LCP-PTM firms cannot change their product prices due to exchange rate variations caused by unexpected monetary policy shocks. On the other hand, the long run is denoted by the period (t+1) where firms can incorporate the effects of monetary policy shocks in their production and pricing decisions. Finally, to derive the model dynamics, the model is solved for an initial steady state when nominal bond holdings are zero. A log linear approximation is then taken around the initial steady state solution of the model. To evaluate the effects of a monetary policy shock on the model variables, their rates of change are obtained from the initial pre-shock steady state.
Initial Steady State Conditions
An initial steady state is described as a condition when production and consumption are both held constant in the absence of a shock and the activity of a single representative agent describes the activities of all individual agents as these are assumed symmetric in the steady state.
Symmetric Steady State form of Euler equation:
Equation (14) shows that in the steady state the real interest rate is determined by the subjective discount rate. On the other hand, the intertemporal budget constraint of the home representative household combined with the goods and bonds market equilibrium yields the following equations that hold true in the steady state:
Model Dynamics
The dynamic behaviour of home and foreign price level, output and exchange rate due to unexpected monetary policy shocks at home and abroad can be presented as follows. Using the definitions of home and foreign price level from equations (5) and (6) the rates of their changes from their corresponding steady state levels can be expressed in terms of equations (16) and (17).
where (1-n) and n = foreign and home populations respectively. = the rate of change of the exchange rate around its steady state level.
Equation (16) implies that the higher the ratio of foreign PTM firms, i.e. higher the * s , the lower will be t P and vice of versa. The following equation indicates the short run depreciation of home currency exchange rate due to a monetary policy shock.
Equation (19) reflects the home rate of production in terms of rates of change in home and foreign money supplies, where Ŷ shows the rate of change in home output from its initial steady state level. 
Methodology
A benchmark unrestricted small open economy VAR model is estimated using the policy and non-policy variables of New Zealand and the most important trading partners. The model variables are ordered using 'Wold' causal chain and the structural parameters are recovered from the estimated reduced form parameters by 'orthogonalizing' the reduced form disturbances using 'Choleski' decomposition method.
Structural Model
The structural VAR model involves a generic vector x t , containing eight endogenous variables. A first order unrestricted VAR model describes the structural form of the empirical model in consideration with reference to the relationship (independent of lag length) between structural shocks and reduced form disturbances as follows: 
The structural shocks are exactly identified from the error terms of the estimated reduced form model using Choleski decomposition method.
where the Non-policy macroeconomic variables:
foreign industrial production in current time period. 
Reduced Form Model and Identification Scheme
The right hand side variables of equation (20) 
Invoking the relationship between reduced form error terms and the structural shocks, i.e. 
It is found that the benchmark unrestricted monetary VAR model incorporates 64 unknown free structural parameters including the elements in the variance-covariance matrix, whereas the estimated reduced form model contains 36 known free elements. The Choleski decomposition method requires (64 -36) = 28 zero restrictions on the structural model to identify its parameters from the reduced form model as shown in equation (22). Further, the
Choleski decomposition method applied for the identification purpose also implies the following structure with reference to the relationship between structural shocks and reduced form errors, i.e. 
The last line of equation (23) 
Data Description and Unit Root Tests

Data Description and Sources
The data series are collected from IFS CD ROM 2186990 except for the 'Australian short term interest rate' that is obtained from Lincoln University Database 'Econ Data'. Quarterly data series on relevant variables are used for the period 1985-2003. The data series start from 1985 as New Zealand changed to a floating exchange rate system in this year. Since full series monthly observations on all variables are unavailable, quarterly data series are used.
The series on industrial production is a quarterly index with 1990 as the base year and these are seasonally adjusted by the IFS, while data series on other variables are seasonally adjusted using US Bureau of Census X11 Quarterly Seasonal Adjustment Program in EViews 5.1 software. The data series except for the interest rates (bank discount rates, short term interest rate, and short term Treasury bill rate) are log-linearized. While the quarterly series on NZ bank discount rate represents NZ monetary policy instrument, the data series on interest rates in the previously mentioned categories represent relevant foreign monetary policy instruments.
Unit Root Tests
The analyses begin with testing the stationarity status of the relevant variables using ADF and indicate that the null hypothesis of a unit root is rejected for all first differenced data series at 5% level of significance except for LCPI AU (log of Australian consumer price index). Further, the p-values of the PP test statistics indicate that the unit root null hypothesis is rejected for all first differenced data series at 5% significance level. While both the ADF and PP tests have low power with regards to rejecting the 'non-stationary null' in the data series, however, prior research has not conspicuously indicated the relative superiority of one over another (Verbeek Marno, 2003) . The PP test results show that all variables under study are I(1).
Model Estimation, Co-integration and Residual Diagnostics
Parallel to Sims, Stock & Watson (1990) and Park & Phillips (1988 , 1989 , the monetary VAR models in this paper are estimated in the levels of model variables using the OLS method applied to individual equations. Previous studies (Sims, Stock & Watson, 1990; Park & Phillips 1988; 1989) show that the OLS estimator possesses the same asymptotic properties as the maximum likelihood estimator (MLE) when the model variables are integrated of the same order and co-integrated. Since all the relevant variables are found I(1), Johansen-Juselius (1990) multivariate co-integration tests are performed to examine if these variables are co-integrated. Hence, the estimated reduced form model in equation (21) is expected to contain long run information as well as free from potential inconsistency (Favero, 2001) . In order to test if the I(1) variables under study are co-integrated the following generalized VECM model is utilized that involves deterministic components such as trends and intercept terms. Zealand-Japan and New Zealand-UK models respectively. In case of New Zealand-USA model, the λ max test finds 2 co-integrating relationships under VECM (model 3) specification.
Next, the VAR models are estimated initially using 4 lags due to quarterly nature of the data and 'lag length selection criteria' is used for this purpose. The lag selection and residual diagnostic tests for two of the estimated reduced form VAR models are shown in tables 4 and 5. In the New Zealand-Australia model, 3 lags are chosen by the model selection criteria and the 'Wald' lag exclusion test' rejects the null hypothesis of a smaller lag. On the other hand, the New Zealand-USA model is estimated using only 2 lags (supported by HQ criterion) as relatively high residual autocorrelation is found for VAR(4) according to Breusch-Godfrey LM test. The New Zealand-Japan and New Zealand-UK models are estimated using 4 lags.
All models are found stationary and no significant residual 'Heteroskedastacity' is detected in the models. Although the 'multivariate normality tests' (Lütkepohl type) has not found significant 'Skewness' in either model but significant excess 'Kurtosis' is detected in all models. The 'Jarque-Bera' test rejects the normality assumption for all models except for New Zealand-USA model for which the null hypothesis of normality is marginally accepted.
Finally, except for one or two lags, no significant residual autocorrelation is found in the estimated models according to Breusch-Godfrey LM test. 
Discussion
Conclusions
The empirical models of monetary transmission in this paper comprehensively include domestic and foreign variables suggested by the theoretical NOEM model. The identification scheme of this study seems quite successful in identifying the domestic and foreign monetary policy shocks as the New Zealand industrial production exhibits plausible dynamic shock response in line with the channels of international monetary transmission mechanism. In other words, no significant empirical puzzles are observed. However, the intensity and magnitude of the output effects of the domestic monetary policy in New Zealand are found higher when the trade partnership with Australia and USA is included in the analysis. On the other hand, the full effect of domestic monetary policy on domestic output takes longer to realize and becomes less intense when the trade partnership with Japan and UK is considered.
Finally, the domestic monetary policy shocks explain a relatively small percentage of output fluctuations compared to foreign monetary policy shocks. Specifically, it is observed that 'world non-oil commodity price index' explains most of the variations in New Zealand industrial production and this finding supports the prior literature findings. 1. All variables are in log except Bank discount rates in Japan and New Zealand and UK Treasury bill rate. 
